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1. Introduction
The SID “Study on UE power saving in NR” was approved in RAN plenary #80 [1], with the following to be studied for UE power saving SI. 
1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
0. Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
0. Network and/or UE assistance information
0. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
0. Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
1. Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
1.  Study the enhancement of higher layer procedures for UE power saving [RAN2]
2. Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
2. Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
The study is focused on power savings in the RRC_CONNECTED mode. The study is considering signal/channel/procedure for triggering adaptation of UE power consumptions characteristics. 

Agreements were made in the RAN1 94bis meeting [4] to study the following aspects further. 

Triggering for UE time domain processing adaptation
Trigger UE adaptation to DRX operation
UE DRX PDCCH monitoring and efficient UE wakeup 
Constraint on scheduling DCI during DRX ON
Performing CSI measurement/feedbacks and RRM measurements
Reducing power consumption during DRX ON
e.g., go-to-sleep signalling to assist UE to the sleep state 
Triggering dynamic adaptation among multiple DRX configurations
Trigger UE adaptation in reducing PDCCH monitoring 
Indication to change PDCCH monitoring behavior, e.g., to monitor, to skip, to adapt to different PDCCH parameters
Triggering for UE frequency domain processing adaptation
Trigger for the adaptation of BWP
State transition during BWP switching
Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Trigger for the carrier adaptation in CA/DC 
State transition in CA/DC activation/deactivation
Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation
Adaptation among different cells with different power consumption characteristics
Bundle adaptation among different cells
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Triggering UE processing adaptation
Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Network instructed
Trigger for adaptation in UE processing time
UE assistance information, e.g., k0, k1, k2 value
Network instructed
Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation
Triggering in reducing PDCCH blind decoding

We discuss some issues to be considered when addressing the design of a trigger for adapting UE power consumption.

2. Discussion
In the CDRX state, the NR Rel.15 UE monitors PDCCH on every configured monitoring occasion. It is well established that the monitoring in the absence of a grant is a significant contributor to excessive power consumption for the baseband modem due to monitoring frequency and blind decoding.
3GPP NR Rel.15 introduced support for operation in a narrow default BWP for UE power savings, i.e., when a UE is not actively receiving grants in a wide BWP, the UE returns to the default BWP and monitors PDCCH. This provides some degree of power conservation.
3GPP NR Rel.15 also introduced configurable search space monitoring periodicity. If a UE is allowed to operate with long monitoring occasion periodicity, it can save power.
3GPP NR Rel.15 also supports flexible cross-slot scheduling which enables the UE to operate in more power efficient modes compared to same-slot scheduling due to more relaxed timing requirements for processing the PDSCH/PUSCH.
But even with these provisions, currently, the UE performs excessive PDCCH monitoring in the RRC_CONNECTED state. Rel.16 can consider providing additional power savings by adapting the UE power consumption more responsively to the traffic. This may be achieved by triggering the UE to skip certain monitoring occasions. It is reported that on the average the LTE UE has 8-12ms duration between successive grants [2][3]. If the UE is allowed to sleep in a low-power state in such durations, power consumption can be reduced in the CDRX state. 
Observation 1: One way to achieve power savings is through improved PDCCH monitoring in the CDRX state.
One way to save power during the CDRX state is switching to a BWP for low power operation. In this BWP, PDCCH monitoring may be minimal or may not be required, as shown in Figure 1. 



[bookmark: _Ref525894115]Figure 1 Low power state through BWP activation DCI.

Alternatively, other forms to trigger the power-savings, for example, a preamble may be introduced. However, given that the UE’s sleep durations are likely to be relatively short (few ms), the overhead from triggering can become frequent and excessive. 

We may also consider certain monitoring procedures without the need for explicit triggering. For example, when cross-slot scheduling a UE in downlink, the UE need not monitor the PDCCH monitoring occasions between a DCI giving a downlink grant and the time when the corresponding downlink data is received as shown in Figure 2. Alternatively, a UE may assume that it does not need to monitor certain number of monitoring occasions following a PDSCH/PUSCH as shown in Figure 3.


[bookmark: _Ref525890611]Figure 2 Reduced PDCCH monitoring in cross-slot scheduling


[bookmark: _Ref525892793]Figure 3 Reduced PDCCH monitoring following a PDSCH


Proposal 1:  RAN1 may further study ways to enable triggering the low power state without excessive signaling.

3. Conclusion
In this contribution, we discussed the design considerations for triggering the low power consumption state for the UE. We made the following observations and proposals.
Observation 1: One way to achieve power savings is through improved PDCCH monitoring in the CDRX state.
Proposal 1:  RAN1 may further study ways to enable triggering the low power state without excessive signaling.
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